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(54) Thermally fused integral ferrule and its manufacturing method, and fiber array 
manufacturing method 



(57) There is provided a thermally fused integral fer- 
rule in which a first glass substrate (5) is at least partly 
unitariiy combined with a second glass substrate (7) by 
means of thermal fusion. The first glass substrate 
includes optical-fiber fixing V-shaped grooves on its side 
opposed to the second glass substrate, and also 
includes on the optical-fiber fixing V-shaped grooves in 
the first glass substrate, a guide section having a prede- 
termined void (16) between the first and second glass 
substrates. The thermally fused integral ferrule is man- 
ufactured by contacting the surface to be thermally 
fused of the first glass substrate in which the optical- 
fiber fixing V-shaped grooves are formed, with the sur- 
face to be thermally fused of the second glass sub- 
strate, followed by thermal fusion of the surfaces of the 
first and second glass substrates at a temperature of 
(TgMOO) to (Tg2+150)°C (where Tg1 is the glass tran- 
sition temperature of one of the first and second glass 
substrates that is higher than that of the other and Tg2 
is the lower glass transition temperature). 
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Description 

Background of the Invention and Related Art Statement 

[0001 ] The present invention relates to a thermally 
fused integral ferrule and its manufacturing method, and 
a fiber array manufacturing method using the thermally 
fused integral ferrule. 

[0002] Fiber alignment parts include fiber arrays that 
connect optical parts such as quartz waveguides to fib- 
ers; and MT connectors that connects fibers together. 
[0003] The material of the fiber array is generally glass 
or silicon due to the low thermal expansion coefficient of 
the connected optical part, for example, a waveguide. 
Inexpensive quality glass materials have recently been 
developed, so glass is now the main material of the fiber 
array. 

[0004] In a conventional resin assembled fiber array 
using V-shaped grooves, fibers are mounted on V- 
shaped grooves in a V-shaped groove substrate, 
pressed against the grooves by a fiber presser sub- 
strate, and stuck and fixed thereto with resin. By setting 
the depth of the V-shaped grooves so that the heads of 
the fibers protrude from the top of the V-shaped grooves 
and pressing the heads using the fiber presser sub- 
strate, the fibers can each be contacted accurately with 
the respective V-shaped groove at two points and can 
thus be arranged accurately. 

[0005] Since the fibers, V-shaped groove substrate, 
and fiber presser substrate are simultaneously stuck 
and fixed together, these components are generally 
assembled using a resin adhesive that provides an 
excellent operability. 

[0006] In the long run, however, the use of the adhe- 
sive may cause the stuck portion between the V-shaped 
groove and fiber presser substrates to be degraded 
when an environmental condition such as humidity or 
heat changes. 

[0007] In addition, since the fiber presser substrate is 
mounted on the V-shaped grooves, the substrates must 
be aligned but this operation is complicated and 
requires high costs. 

[0008] Furthermore, since the fiber contact each V- 
shaped groove at two points, the accuracy of the 
arrangement of the fibers after assembly depends on 
the accuracy of the V-shaped grooves. This accuracy, 
however is also affected by a difference in fiber diameter 
(for example, in a 16-fiber array, the difference in diam- 
eter among all the 16 fibers). 

[0009] In view of this point, to maintain long-term reli- 
ability, attempts have been made to metallize the sub- 
strates so as to use solder for adhesion. In this case, 
however, the high operating temperature and fluidity of 
solder makes assembly very difficult, stress may be 
caused by a difference in thermal expansion between 
the metallized substrates and glass, or the costs of the 
solder are high. 

[001 0] Furthermore, a technique for solving the prob- 



lem associated with the alignment between the V- 
shaped groove substrate and the fiber presser substrate 
is known wherein the V-shaped grooves are sized to 
allow each fiber to sit within the respective groove 

5 instead of contacting each groove at two points, wherein 
the V-shaped groove and fiber presser substrates are 
stuck together with resin prior to the insertion of the fib- 
ers so that the fibers can be later inserted between 
them. If an adhesive or solder is used to stick the sub- 

ro strates together, a problem similar to that described 
above may occur. 

[0011] As shown in Fig. 7, a connector 30 in which 
normal 1 25- um fibers are arranged at a 250- urn pitch 
is generally used as an MT connector, wherein optical 

is fiber insertion holes 36 are formed at a 250- um pitch. 
Optical fibers are inserted into the optical fiber insertion 
holes 36, and the holes are formed with a very strict 
clearance in order to arrange the fibers accurately. The 
holes are about 127 um for the normal 125- um optical 

20 fibers. It is very difficult to insert optical fibers into these 
holes, so 250- um pitch semicircular guide grooves 32 
are provided to allow optical fibers to be inserted effi- 
ciently. The guide grooves 32 are continuously joined 
with the optical fiber insertion holes 36 via conical 

25 tapers 34 to allow optical fibers to be inserted easily. 
[0012] Thus, resin injection -molded connectors that 
are normally inexpensive and provide a high dimen- 
sional accuracy have generally been used as MT con- 
nectors. Since, however, such a connector is composed 

30 of resin, it is not optimal for connection with, for exam- 
ple, a quartz waveguide due to its high thermal expan- 
sion. 

[0013] Consequently, the MT connector is desirably 
formed of glass, but it is conventionally difficult to form a 
35 plurality of circular holes in glass using the arrangement 
accuracy of the MT connector. As a result, this tech- 
nique has not been industrially realized. 

Summary of the Invention 

40 

[001 4] The present invention is provided in view of this 
conventional problem, and its object is to provide an 
inexpensive ferrule that has high junction strength, 
watertightness, and productivity, and its manufacturing 

45 method, as well as a fiber array manufacturing method. 
[0015] This invention provides a thermally fused inte- 
gral ferrule in which a first glass substrate is at least 
partly combined with a second glass substrate unitarily 
by means of thermal fusion, wherein the first glass sub- 

so strate includes optical-fiber fixing V-shaped grooves on 
its side opposed to the second glass substrate and also 
includes on the optical-fiber fixing V-shaped groove in 
the first glass substrate, a guide section having a prede- 
termined void between the first and second glass sub- 

55 strates. 

[0016] According to this invention, the maximum sur- 
face roughness (Rmax) of the internal surfaces of the 
first and second glass substrates is preferably between 
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0.2 and 2.0 i±m, and the area of the surface to be ther- 
mally fused of each of the first and second glass sub- 
strates is preferably 0.01 mm 2 or more. 
[001 7] In addition, this invention provides a method for 
manufacturing a thermally fused integral ferrule com- s 
prising: contacting a surface to be thermally fused of a 
first glass substrate in which optical-fiber fixing V- 
shaped grooves are formed with a surface to be ther- 
mally fused of a second glass substrate, and thermally 
fusing said surfaces of the first and second glass sub- w 
strates at a temperature of (Tg1-100) to (Tg2+150)°C 
(where Tg1 is the glass transition temperature of one of 
the first and second glass substrates that is higher than 
that of the other and Tg2 is the lower glass transition 
temperature). is 
[0018] Moreover, this invention provide a method for 
manufacturing a thermally fused integral ferrule, com- 
prising forming a film of a glass frit on a surface to be 
thermally fused of a first glass substrate in which opti- 
cal-fiber fixing V-shaped grooves are formed or on a 20 
surface to be thermally fused of a second glass sub- 
strate, contacting the surfaces of the glass substrates 
together, and thermally fusing the surfaces of said glass 
substrates at a temperature of (Tg3) to (Tg4+150)°C 
(where Tg3 is the glass transition temperature of the 25 
glass frit and Tg4 is the glass transition temperature of 
the first glass substrate). 

[0019] According to this manufacturing method, the 
maximum surface roughness (Rmax) of the surface to 
be thermally fused of each of the first and second glass 30 
substrates is preferably 0.5 urn or less. 
[0020] Moreover, this invention provides a fiber array 
manufacturing method using the thermally fused inte- 
gral ferrule, comprising following the steps (a) -(e):- 

35 

(a) arranging the tips of optical fibers over the guide 
section on the optical -fiber fixing V-shaped grooves; 

(b) lowering the tips of the optical fibers onto the 
optical-fiber fixing V-shaped grooves; 

(c) inserting the optical fibers into the thermally 40 
fused integral ferrule while allowing the optical-fiber 
fixing V-shaped grooves to guide the tips of the fib- 
ers; and 

(d) applying and filling a first liquid adhesive to and 

in the entire thermally fused integral ferrule; 45 

(e) solidifying the first liquid adhesive. 

If a thermally fused integral ferrule is used in 
which the second glass substrate is thermally fused 
in such a way that there is an open space over the 
guide section on the optical-fiber fixing V-shaped so 
grooves in the first glass substrate while only the 
optical-fiber fixing V-shaped grooves are covered, 
the fiber array manufacturing method desirably 
comprises the following steps (f) and (g) subse- 
quent to the step (e) : 55 

(f) covering a covered optical fiber with a second liq- 
uid adhesive; and 

(g) solidifying the second liquid adhesive. 



[0021 ] In addition, according to the fiber array manu- 
facturing method, it can have prior to the step (a) the 
step of applying a liquid adhesive to the optical -fiber fix- 
ing V-shaped grooves in the first glass substrate or to 
the optical fibers. 

Brief Description of the Drawings 
[0022] 

Figs. 1 (a), (b), (c), and (d) show one embodiment of 
a thermally fused integral ferrule according to this 
invention showing its basic structure. Fig. 1 (a) is a 
schematic front view, Fig. 1(b) is a right side view, 
Fig. 1(c) is a perspective view, and Fig. 1(d) is an 
exploded perspective view. 
Figs. 2 (a) and (b) show another embodiment of a 
thermally fused integral ferrule according to this 
invention showing its basic structure. Fig. 2(a) is a 
schematic front view and Fig. 2(b) is a right side 
view. 

Figs. 3(a), (b), and (c) show another embodiment of 
a thermally fused integral ferrule according to this 
invention. Fig. 3(a) is a perspective view, Fig. 3(b) is 
an exploded perspective view, and Fig. 3(c) is an 
explanatory sectional drawing showing that optical 
fibers are inserted into the ferrule (a fiber array). 
Figs. 4(a), (b), and (c) show yet another embodi- 
ment of a thermally fused integral ferrule according 
to this invention. Fig. 4(a) is a perspective view, Fig. 
4(b) is an exploded perspective view, and Fig. 4(c) 
is an explanatory sectional drawing showing that 
optical fibers are inserted into the ferrule ( (a fiber 
array). 

Figs. 5(a) and (b) is a schematic explanatory draw- 
ing showing states in which optical fibers are 
inserted into an optical-fiber guide section. Fig. 5(a) 
shows V-shaped grooves, and Fig. 5(b) shows U- 
shaped grooves. 

Fig. 6 is a schematic sectional view showing 
another example (half pitch) of the shape of optical - 
fiber fixing V-shaped grooves in a thermally fused 
integral ferrule according to this invention. 
Fig. 7 is a schematic front view showing an example 
of a conventional MT connector. 

Detailed Description of Preferred Embodiment 

[0023] Embodiments of this invention are described 
below in detail based on drawings. 
[0024] Figs. 1(a), (b), (c), and (d) show one embodi- 
ment of a thermally fused integral ferrule according to 
this invention showing its basic structure. Fig. 1 (a) is a 
schematic front view, Fig. 1(b) is a right side view, Fig. 
1(c) is a perspective view, and Fig. 1(d) is an exploded 
perspective view. 

[0025] In Figs. 1 (a), (b), (c), and (d). a thermally fused 
integral ferrule 1 is obtained by using thermal fusion to 
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unitarily combine a first glass substrate 5 having a cov- 
ered- optical-fiber fixing groove 1 3a and optical-fiber fix- 
ing V-shaped grooves 9 with a second glass substrate 7 
having a covered-optical -fiber fixing groove 13b that is 
complementary with the covered-optical-fiber fixing 
groove 13a in the first glass substrate 5 and a void 16 
that constitutes an optical-fiber guide section (a guide 
section) 12 with part of the optical-fiber fixing V-shaped 
grooves 9 in the first glass substrate 5. 
[0026] This configuration allows the thermally fused 
interface 8 between the first and second glass sub- 
strates 5 and 7 to have a larger area to improve reliabil- 
ity because the surface of the first glass substrate 5 
excluding the covered-optical-fiber fixing grooves 13a, 
13b and the void 16 and the whole surface of the sec- 
ond glass substrate 7 are surfaces to be thermally 
fused. 

[0027] In addition, by providing a taper 1 1 on the opti- 
cal fiber guide section 1 2 as shown in Figs. 2(a) and (b), 
optical fibers can be inserted more appropriately, and 
damages such as disconnection of the optical fibers at 
the edge of each optical-f foer fixing V-shaped groove 9 
can be reduced or avoided. 

[0028] Moreover, since the covered-optical-fiber fixing 
grooves 13a and 13b form a covered-optical -fiber hous- 
ing section 15, the optical fibers can be inserted straight 
into the optical-fiber fixing V-shaped grooves 9, while a 
covered optical fiber can be reliably fixed to the ferrule. 
[0029] In the thermally fused integral ferrule 1 in Figs. 
1 (a), (b), (c), and (d), it is slightly difficult to maintain the 
positional accuracy between the first and second glass 
substrates 5 and 7 during thermal fusion, so the cov- 
ered-optical-fiber housing section 15 must be ultrasoni- 
cally processed to prevent the covered optical fiber from 
being damaged during insertion. Accordingly, this fer- 
rule 1 requires slightly higher costs. 
[0030] To solve the problem in Figs. 1(a), (b), (c), and 
(d), a thermally fused integral ferrule, which is shown in 
Figs. 3(a), (b), and (c) and 4 (a), (b),and (c), is prefera- 
ble. 

[0031] Figs. 3(a), (b), and (c) show another embodi- 
ment of a thermally fused integral ferrule according to 
this invention. Fig. 3(a) is a perspective view, Fig. 3(b) is 
an exploded perspective view, and Fig. 3(c) is an 
explanatory sectional drawing showing that optical fib- 
ers are inserted into the ferrule (a fiber array). 
[0032] In this embodiment, a thermally fused integral 
ferrule 20 is obtained by using thermal fusion to unitarily 
combine a first glass substrate 5 having a covered-opti- 
cal-fiber support section 1 4 and optical-fiber fixing V- 
shaped grooves 9 with a second glass substrate 7 hav- 
ing an open portion 1 7 that constitutes an optical-fiber 
guide section (a guide section) 1 2 with part of the opti- 
cal-fiber fixing V-shaped grooves 9 in the first glass sub- 
strate 5. 

[0033] Compared with the thermally fused integral fer- 
rule 1 shown in Figs. 1(a), (b), (c), and (d), the thermally 
fused interface 8 between the first and second glass 



substrates 5 and 7 can be minimized to improve the 
dimensional accuracy of the optical-fiber fixing V- 
shaped grooves 9. 

[0034] In addition, due to its stepped structure, the first 
5 glass substrate 5 can be simply formed by means of 
grinding and can simplify the structure of the ferrule to 
reduce costs. 

[0035] In the thermally fused integral ferrule 20, since 
covered-optical-fibers 4 are simply supported by the 

10 covered-optical-fiber support section 14, a certain 
means is required to insert the optical fibers 2 straight 
into the optical-fiber fixing V-shaped grooves 9. In addi- 
tion, if the ferrule 20 is unitarily combined with the cov- 
ered optical fiber 4 as shown in Fig. 3(c), the adhesive 

15 19 that can withstand bending must be used to firmly fix 
the ferrule 20 and the covered optical fiber 4 together. 
[0036] Figs. 4(a), (b). and (c) show yet another 
embodiment of a thermally fused integral ferrule accord- 
ing to this invention. Fig. 4(a) is a perspective view, Fig. 

20 4(b) is an exploded perspective view, and Fig. 4(c) is an 
explanatory sectional drawing showing that optical fib- 
ers are inserted into the ferrule (a fiber array). 
[0037] A thermally fused integral ferrule 22 is obtained 
by using thermal fusion to unitarily combine a first glass 

25 substrate 5 having a covered-optical-fiber support sec- 
tion 14 and optical-fiber fixing V-shaped grooves 9 with 
a second glass substrate 7 having a covered-optical- 
fiber fixing groove 13b located above the covered-opti- 
cal-fiber support section 14 and a void 16 that consti- 

30 tutes an optical-fiber guide section (a guide section) 12 
with part of the optical-fiber fixing V-shaped grooves 9 in 
the first glass substrate 5. 

[0038] Compared with the thermally fused integral fer- 
rule 1 shown in Figs. 1(a), (b), (c), and (d), the thermally 

35 fused interface 8 between the first and second glass 
substrates 5 and 7 can be minimized to prevent the V- 
shaped groove site of the glass substrate 5 accurately 
formed from being thermally deformed, thereby main- 
taining the dimensional accuracy of the optical -fiber fix- 

40 ing grooves 9 at the same value as that measured prior 
to thermal fusion. 

[0039] In addition, compared with the thermally fused 
integral ferrule shown in Figs. 3(a), (b). and (c), the cov- 
ered-optical-fiber support section 14 and the covered- 

45 optical fiber fixing groove 13b form a covered-optical- 
fiber housing section 15. Thus, if the ferrule 22 is unitar- 
ily combined with the covered optical fiber 4 as shown in 
Fig. 4(c), the optical fibers 2 can be inserted straight into 
the optical-fiber fixing V-shaped grooves 9 to reliably fix 

so the covered optical fiber 4 to the ferrule 22. 

[0040] Moreover, this embodiment does not require 
the covered-optical-fiber housing section 15 to be 
supersonically processed as in the thermally fused inte- 
gral ferrule shown in Figs. 1(a), (b), (c), and (d). In the 

55 ferrule structure in Figs. 4(a), (b), and (c), the first glass 
substrate 5 has a stepped structure that can be formed 
by means of grinding, and the second glass substrate 7 
has no V-shaped grooves and can be formed easily by 
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means of press molding. Thus, this embodiment is very 
advantageous in terms of costs. 
[0041] As described above, the structure of the ther- 
mally fused integral ferrule according to this invention is 
mainly characterized in that the optical-fiber fixing 
grooves are formed of the V-shaped grooves 9 and in 
that the optical-fiber guide section 12 is provided in part 
of the optical-fiber fixing V-shaped grooves 9 (the part in 
front of the optical-fiber insertion holes 3). 
[0042] In the thermally fused integral ferrule according 
to this invention, the optical-fiber fixing grooves are 
formed of the V-shaped grooves 9 (the optical-fiber 
insertion holes 3 are shaped like triangles), so the angle 
of the V-shaped groove 9 can be adjusted to set the 
opening width of the groove large enough to allow one 
groove to contact the adjacent one, as shown in Fig. 
5(a). This configuration enables the optical fibers to be 
inserted more appropriately. 

[0043] On the other hand, if the optical-fiber insertion 
holes are circular, semicircular grooves must be formed 
in each of the first and second glass substrates and 
must be aligned accurately. It is very difficult to set a 
precise clearance for the holes and to achieve align- 
ment without deviating from this clearance. 
[0044] The optical-fiber fixing V-shaped grooves 9 
shown in Fig. 5(a) finally constitute the optical-fiber 
guide section 1 2 together with the optical-fiber insertion 
holes 3 in the thermally fused integral ferrule according 
to this invention, and are formed in the surface of the 
first glass substrate 5 by means of grinding. 
[0045] In addition, if the plurality of optical fibers 2 
included in the covered optical fiber 4 are inserted into 
the thermally fused ferrule using the optical-fiber guide 
section 1 2, the optical-fiber fixing grooves are preferably 
V-shaped (zigzag) 9. 

[0046] In the case of U-shaped grooves, which are 
shown in Fig. 5(b), if the optical fibers 2 slip out from the 
optical-fiber guide section 12, they cannot be inserted 
into the optical fiber insertion holes 3 easily. In the zig- 
zag V-shaped grooves 9 shown in Fig. 5(a), however, 
even if the optical fibers 2 slightly slip out, the alignment 
effect of the V-shaped grooves 9 enables the fibers to be 
reliably inserted into the optical fiber insertion holes 3. 
[0047] Furthermore, by arranging the zigzag V- 
shaped grooves 9 at a half pitch as shown in Fig. 6, 
pitch (b) that is as long as groove (a) can be provided 
that has been difficult to achieve with grooves of differ- 
ent shapes such as circular holes. 
[0048] This configuration also can prevent the 
decrease in the strength of the wall surfaces of the V- 
shaped grooves 9 and the deformation of the V-shaped 
grooves 9 or damage thereto caused by the thermal 
fusion of the glass substrates (5 and 7), thereby main- 
taining the arrangement accuracy and reliability of the 
optical-fiber fixing V-shaped grooves 9. 
[0049] Thus, this embodiment does not require pre- 
cise working for semicircular guide grooves or conical 
taper used to insert optical fibers as in the conventional 



MT connector shown in Fig. 7, thereby reducing costs 
and improving generality. 

[0050] In addition, according to the thermally fused 
integral ferrule of this invention, the maximum surface 
5 roughness (Rmax) of the internal surfaces of the first 
and second glass substrates 5 and 7 that receive a cov- 
ered optical fiber and optical fibers is preferably 
between 0.2 and 2.0 urn. 

[0051] If the maximum surface roughness (Rmax) is 
10 less than 0.2 um, the adhesion strength prior to adhe- 
sion cannot be sufficiently maintained. If the maximum 
surface roughness (Rmax) exceeds 2.0 *im, the optical 
fibers are not only likely to be damaged but it is also dif- 
ficult to maintain the dimensional accuracy. 
is [0052] The internal surfaces of the first and second 
glass substrates 5 and 7 that receive a covered optical 
fiber and optical fibers refer to the internal wall surfaces 
of the covered-optical-fiber housing section and optical - 
fiber insertion holes. 
20 [0053] Next, a method for manufacturing a thermally 
fused integral ferrule according to this invention is 
described with reference to Figs. 1(a), (b), (c), and (d) to 
4(a), (b), and (c). 

[0054] The second glass substrate 7 is placed on the 
25 first glass substrate 5 in such a way as to contact it. A 
load of a predetermined value or higher is applied to the 
interface between the first and second glass substrates 
5 and 7. 

[0055] In these conditions, the substrates are heated 
30 between (Tg1-100) and (Tg2+150) (where Tg1 is the 
glass transition temperature of one of the first and sec- 
ond glass substrates 5 and 7 that is higher than that of 
the other and Tg2 is the lower glass transition tempera- 
ture)^ for a predetermined period of time. Then, the 
35 surfaces of the first and second glass substrates 5 and 
7 are activated, and this energy causes them to be 
joined together. Accordingly, the first glass substrate 5 is 
unitarily combined with the second glass substrate 7 to 
form a ferrule. 

40 [0056] If the substrates are then heated beyond (Tg2 
+ 1 50)°C, the fiber fixing V-shaped grooves 9 formed in 
the first glass substrate 5 are softened and deformed, 
so holes of a predetermined shape cannot be obtained 
after cooling. In addition, if the substrates are heated 

45 under (Tg1 -100)°C, the activation of the first and sec- 
ond glass substrates 5 and 7 does not start, so fusion is 
impossible. 

[0057] If the first and second glass substrates 5 and 7 
comprise, for example, BK-7, thermal fusion is effected 

so at 600°C because the glass transition temperature of 
this material is 557°C. If the second glass substrate 7 
comprise Mirachron PC-4 manufactured by NGK Insula- 
tors, Ltd., thermal fusion can be effected at 530°C 
because the glass transition temperature of this mate- 

55 rial is 498°C. 

[0058] This is lower than the glass transition tempera- 
ture (557°C) of the first glass substrate 5 but is higher 
than the glass transition temperature (498°C) of the 
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second glass substrate 7. Thus, the first glass substrate 
7 is difficult to fuse, whereas the second glass substrate 
7 is easy to fuse, resulting in satisfactory fusion. Fur- 
thermore, since this temperature is lower than the glass 
transition temperature of the first glass substrate 5, it 
serves to restrain the first glass substrate 5 from being 
thermally deformed, thereby maintaining the geometri- 
cal accuracy of the optical-fiber fixing grooves 9 formed 
in the first glass substrate 5. 

[0059] In addition, an alternative method may com- 
prise forming a film of a glass frit on the surface to be 
thermally fused of the first glass substrate 5 in which the 
optical-fiber fixing V-shaped grooves 9 are formed or on 
the surface to be thermally fused of the second glass 
substrate 7, contacting the surfaces to be thermally 
fused of the substrates together, and thermally fusing 
the surfaces at the environmental temperature of (Tg3) 
to (Tg4+150) (where Tg3 is the glass transition temper- 
ature of the glass frit and Tg4 is the glass transition tem- 
perature of the first glass substrate 5)°C. 
[0060] The glass film can be formed by sputtering 
because the film obtains an even thickness. 
[0061] This method enables the first or second glass 
substrate 5 and 7 to be uniformly and firmly joined 
together all over the junction interface of the glass frit by 
means of thermal fusion. By setting the glass transition 
temperature Tg3 of the glass frit lower than that Tg4 of 
the first glass substrate 5, the glass substrates 5 and 7 
can be restrained from thermal deformation caused by 
thermal fusion, thereby improving the dimensional 
accuracy and reliability of a completed integral ferrule. 
[0062] If, for example, a glass frit is sputtered onto the 
surface to be thermally fused of the first or second glass 
substrate 5 or 7 to form a film of 0.5 \im thickness and if 
the first and second glass substrates 5 and 7 comprise 
BK-7, 7570 (glass transition temperature: 350°C) man- 
ufactured by CORNING INCORPORATED that exhibits 
thermal expansion similar to that of BK-7 and that has a 
low glass transition temperature can be used to restrain 
the thermal deformation of the glass substrates 5 and 7 
caused by thermal fusion. 

[0063] No separate load is required rf the weight of the 
second glass substrate 7 acts as a load of a predeter- 
mined value or higher. 

[0064] In addition, either an oxidization or a reduction 
atmosphere can be used as a heating atmosphere for 
the fusion of the glass substrates 5 and 7, the heating 
time is determined as required depending on the mate- 
rial of the substrates, the heating temperature, and the 
load. 

[0065] If single-mode fibers are used for the thermally 
fused integral ferrule according to this invention, the 
arrangement accuracy is desirably 1 \um or less. To 
maintain this accuracy, it is important to strictly control 
deformation caused by thermal fusion and the dimen- 
sional accuracy of the optical -fiber fixing V-shaped 
grooves prior to fusion. 

[0066] According to this invention, the maximum sur- 



face roughness (Rmax) of the surface to be thermally 
fused of each of the first and second glass substrates 5 
and 7 is preferably set at 0.5 jam or less because such 
roughness reduces the amount of displacement during 

5 thermal fusion. 

[0067] The amount of displacement depends on the 
environment temperature, the load, the time required for 
junction, and the surface roughness of the first and sec- 
ond glass substrates. 

w [0068] In addition, the thermally fused integral ferrule 
according to this invention does not require the entire 
contact portion between the first and second glass sub- 
strates 5 and 7 to be thermally fused. The thermally dif- 
fused area is preferably minimized unless the junction 

75 strength or watertightness is adversely affected 
because this minimization enables the dimensions to be 
controlled easily and also enables the dimensional 
accuracy of the optical-fiber fixing V-shaped grooves 9 
to be maintained. That is, reliability can be maintained if 

20 the area of the thermally fused interface between the 
first and second glass substrates 5 and 7 is 0.01 mm 2 or 
more in total. 

[0069] Next, a method for manufacturing a fiber array 
that uses the above thermally fused integral ferrule is 

25 described. 

[0070] Referencing Figs. 4(a), (b), and (c), the tips of 
optical fibers 2 are arranged over the guide section 12 
on the optical-fiber fixing V-shaped grooves 9 in the 
thermally fused integral ferrule 22 (step (a)), and the tips 

30 of the optical fibers 2 are lowered onto the optical -fiber 
fixing V-shaped grooves 9 (step (b)). 
[0071 ] Then, the optical fibers 2 and the covered opti- 
cal fibers 4 are inserted into the thermally fused integral 
ferrule 22 (the covered optical fiber housing section 15) 

35 while the optical -fiber fixing V-shaped grooves 9 is being 
allowed to guide the tips of the fibers 2 (step (c)). 
[0072] Next, a sufficient amount of a first liquid adhe- 
sive is applied to and filled in the entire thermally fused 
integral ferrule 22 into which the optical fibers 2 and the 

40 covered-optical fiber 4 has been inserted (step (d)). 
Finally, the first liquid adhesive was solidified (step (e)) 
to manufacture a fiber array. 

[0073] If a fiber array is manufactured that uses a ther- 
mally fused integral ferrule wherein the second glass 

45 substrate 7 is configured in such a way that there is an 
open space over the guide section 12 on the optical - 
fiber fixing V-shaped grooves 9 in the first glass sub- 
strate 5 while only the optical-fiber fixing V-shaped 
grooves 9 are covered, then after step (e), it is neces- 

so sary to cover the guide section 1 2 and the covered opti- 
cal fiber 4 with a second liquid adhesive 19 (step (f)) and 
to solidify the second liquid adhesive (step (g)). 
[0074] The first and second liquid adhesives may be 
of the same type or different types. 

55 [0075] In addition, prior to step (a), the first liquid 
adhesive may be applied beforehand to the optical -fiber 
fixing V-shaped grooves 9 in the first glass substrate 5 
or to the optical fibers 2. 
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[0076] The method for manufacturing the thermally 
fused integral ferrule according to this invention and the 
fiber array that uses this ferrule is described below in 
detail. 

[0077] V-shaped grooves are formed in a 50-mm- 
square glass (BK-7) wafer for 7 groups of fibers each 
including 16 fibers (112 fibers in total). The V-shaped 
grooves may be formed by means of grinding or press- 
ing. Next, the covered-optical-fiber fixing groove consti- 
tuting the covered-optical-fiber housing section of the 
thermally fused integral ferrule, or the covered-optical- 
fiber support section that was a step portion was 
formed. The covered-optical-fiber fixing groove (Figs. 
1(a). (b), (c), and (dj and 2(a) and (b)) was supersoni- 
cally formed, or the covered-optical-fiber support sec- 
tion (Figs. 3(a), (b), and (c) and 4(a), (b), and (c)) was 
formed by means of grinding. Thus, the first glass sub- 
strate was obtained. 

[0078] The covered-optical-fiber fixing groove 
(FIGS.1(a), (b), (c), and (d), 2(a) and (b), and 4(a), (b), 
and (c)) was similarly formed in a 50-mm-square glass 
(BK-7) wafer by means of pressing. The second glass 
substrate shown in Figs. 3(a), (b), and (c) has no cov- 
ered-optical-fiber fixing groove and can be formed by 
simple grinding. 

[0079] Next, the second glass substrate was con- 
tacted with the first glass substrate, and a load of a pre- 
determined value or higher was applied to the interface 
between the first and second glass substrates while 
interface was thermally fused at 600°C because the 
glass transition temperature of BK-7 is 557°C. 
[0080] When Mirachron PC-4 manufactured by NGK 
Insulators, Ltd. was used as the second glass substrate, 
thermal fusion was carried out at 530°C because its 
glass transition temperature is 498°C. 
[0081] When a glass frit was used for thermal fusion, 
it was sputtered onto the surface to be thermally fused 
of each of the first and second glass substrates to form 
a film of 0.5 jim thickness. The glass frit comprised 
7570 (glass transition temperature: about 350°C) man- 
ufactured by CORNING INCORPORATED that exhibits 
thermal expansion similar to that of BK-7 and that has a 
lower melting point than BK-7. 

[0082] After the first and second glass substrates had 
been thermally fused as described above, a dicer was 
used to cut this wafer into chips to provide a thermally 
fused integral ferrule. 

[0083] Next, a fiber array was manufactured using the 
thermally fused integral ferrule obtained. 
[0084] The tips of the optical fibers were inserted into 
the guide section on the optical-fiber fixing V-shaped 
groove in the thermally fused integral ferrule. Then, the 
optical fibers and the covered-optical-fiber were 
inserted into the thermally fused integral ferrule while 
the tips of the optical fibers were being moved along the 
optical-fiber fixing V-shaped grooves. Next, a sufficient 
amount of the first liquid adhesive was filled in the gap 
in the thermally fused integral ferrule for solidification, 



with the optical fibers and the covered optical fibers 
already inserted into the ferrule. Finally, the end surface 
was optically polished to complete a fiber array. 
[0085] By applying the first liquid adhesive to the opti- 

5 cal fibers beforehand and then inserting the fibers into 
the thermally fused integral ferrule, the alignment effect 
can be reliably provided to reduce the possibility that the 
optical fiber may be damaged by the edge of the V- 
shaped groove. 

10 [0086] As described above, this invention provides an 
inexpensive ferrule that has high junction strength, 
watertightness, and productivity, and its manufacturing 
method, as well as a fiber array manufacturing method. 

is Claims 

1 . A thermally fused integral ferrule in which a first 
glass substrate is at least partly combined with a 
second glass substrate unitarily by means of ther- 
20 mal fusion, wherein: 



said first glass substrate includes optical-fiber 
fixing V-shaped grooves on its side opposed to 
the second glass substrate, and wherein: 
25 said glass substrates also include on the opti- 

cal-fiber fixing V-shaped grooves in said first 
glass substrate, a guide section having a pre- 
determined void between the first and second 
glass substrates. 

30 

2. A thermally fused ferrule according to claim 1 
wherein the maximum surface roughness (Rmax) 
of the internal surfaces of the first and second glass 
substrates is between 0.2 and 2.0 urn. 

35 

3. A thermally fused ferrule according to claim 1 or 2 
wherein the area of the surface to be thermally 
fused of each of said first and second glass sub- 
strates is 0.01 mm 2 or more. . 

40 

4. A thermally fused ferrule according to any one of 
claims 1 - 3, wherein the whole contact surfaces of 
the first glass substrate excluding a covered-opti- 
cal-fiber fixing groove and the second glass sub- 

45 strate are thermally fused. 

5. A thermally fused ferrule according to any one of 
claims 1 - 4. wherein a guide section is provided 
with a taper. 

50 

6. A thermally fused ferrule according to any one of 
claims 1 - 5, wherein the first glass substrate having 
a covered-optical -fiber support section and an opti- 
cal-fiber fixing groove is unitarily cmbined with the 

55 second glass substrate having an open portion to 
compose said guide section together with a part of 
said optical-fiber fixing groove of the first glass sub- 
strate by thermal fusion. 
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7. A thermally fused ferrule according to any one of 
claims 1 - 5, wherein the first glass substrate having 
a covered-optical-fiber support section and an opti- 
cal-fiber fixing groove is unitarily combined with the 
second glass substrate having a gap to compose 5 
said guide section together with a covered-optical- 
fiber fixing groove located over a covered-optical- 
fiber support section of the first glass substrate and 

a part of said optical -fiber fixing groove of the first 
glass substrate by thermal fusion. 10 

8. A method for manufacturing a thermally fused inte- 
gral ferrule comprising: contacting a surface to be 
thermally fused of a first glass substrate in which 
optical-fiber fixing V-shaped grooves are formed 15 
with a surface to be thermally fused of a second 
glass substrate, and thermally fusing said surfaces 

of the first and second glass substrates at a temper- 
ature of (Tg1-100) to (Tg2+150)°C (where Tg1 is 
the glass transition temperature of one of the first 20 
and second glass substrates that is higher than that 
of the other and Tg2 is the lower glass transition 
temperature). 



rule; 

(e) solidifying said first liquid adhesive. 

12. A manufacturing method according to claim 11 
wherein the second glass substrate is thermally 
fused in such a way that there is an open space 
over the guide section on the optical-fiber fixing V- 
shaped grooves in the first glass substrate while 
only the optical-fiber fixing V-shaped grooves are 
covered, the fiber array manufacturing method 
using the thermally fused integral ferrule according 
to claims 1 to 7,comprising, subsequent to the step 
(e), the steps of: 

(f) covering a covered optical fiber with a sec- 
ond liquid adhesive; and 

(g) solidifying the second liquid adhesive. 

13. A manufacturing method according to claim 11 or 
12 comprising, prior to the step (a), the step of 
applying a liquid adhesive to the optical-fiber fixing 
V-shaped grooves in the first glass substrate or to 
the optical fibers. 



9. A method for manufacturing a thermally fused inte- 25 
gral ferrule, comprising forming a film of a glass frit 
on a surface to be thermally fused of a first glass 
substrate in which optical-fiber fixing V-shaped 
grooves are formed or on a surface to be thermally 
fused of a second glass substrate, contacting the 30 
surfaces of the glass substrates together, and ther- 
mally fusing the surfaces of said glass substrates at 
a temperature of (Tg3) to (Tg4+150)°C (where Tg3 
is the glass transition temperature of the glass frit 
and Tg4 is the glass transition temperature of the 35 
first glass substrate). 



10. A method for manufacturing a thermally fused inte- 
gral ferrule according to claim 8 or 9, wherein the 
maximum surface roughness (Rmax) of the surface 40 
to be thermally fused of each of the first and second 
glass substrates is 0.5 or less. 



11. A fiber array manufacturing method using the ther- 
mally fused integral ferrule according to any of 45 
claims 1 to 7, comprising the steps of: 



(a) arranging the tips of optical fibers over the 
guide section on the optical-fiber fixing V- 
shaped grooves; 50 

(b) lowering the tips of the optical fibers onto 
the optical-fiber V-shaped fixing grooves; 

(c) inserting the optical fibers into the thermally 
fused integral ferrule while allowing the optical- 
fiber fixing V-shaped grooves to guide the tips 55 
of the fibers; and 

(d) applying and filling a first liquid adhesive to 
and in said entire thermally fused integral fer- 
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Fig. 2 (a) 




Fig, 2 (b) 



WW 



10 



EP 0 926 522 A2 



Fig. 3 (a) 
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Fig. 4 (a) 
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Fig. 5(a) 
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